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Abstract 10 
Background: 11 
Previous studies have shown that fundamental movement skills (FMS) and physical activity are 12 
related. Specifically, earlier studies have demonstrated that the ability to perform a variety of 13 
fundamental movement skills increases the likelihood of children participating in a range of 14 
physical activities throughout their lives. To date, however, there have not been studies focused 15 
on the development of, or the relationship between, these variables through junior high school 16 
(that is, between the ages of 13 and 15). Such studies might reveal important insights into the 17 
relationships between FMS and physical activity during adolescence, and suggest ways to design 18 
more effective physical education programs for adolescents. 19 
Purpose: 20 
The main purposes of the study are:  21 
1) to investigate the development of the students’ self-reported physical activity and FMS from 22 
Grade 7 to Grade 9, and; 23 
2) to analyse the associations among the students’ FMS and self-reported physical activity 24 
through junior high school. 25 
Participants and setting:  26 
The participants in the study were 152 Finnish students, aged 13 and enrolled in Grade 7 at the 27 
commencement of the study. The sample included 66 girls and 86 boys who were drawn from 28 
three junior high schools in Middle Finland. 29 
Research design and data collection:  30 
Both the fundamental movement skills tests and questionnaires pertaining to self-reported 31 
physical activity were completed annually during a three year period: In August (when the 32 
participants were in Grade 7), January (Grade 8), and in May (Grade 9). 33 
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Data analysis:  34 
Repeated measures MANOVAs were used to analyse the interaction between gender and time 35 
(three measurement points) in FMS test sumscores and self-reported physical activity scores. The 36 
relationships between self-reported physical activity scores and fundamental movement skill 37 
sumscores through junior high school were analysed using the Structural Equation Modeling 38 
(SEM) with LISREL 8.80 software. 39 
Findings:  40 
The MANOVA for self-reported physical activity revealed that both genders’ physical activity 41 
decreased through junior high school. The MANOVA for the FMS revealed that the boys’ FMS 42 
sumscore increased whereas the girls’ skills decreased through junior high school. The SEM 43 
indicated that squared multiple correlations revealed  FMS in Grades 7 and 8 as well as physical 44 
activity in Grade 9 explained FMS in Grade 9: 69 % for girls and 55 % for boys. Additionally, 45 
physical activity measured in Grade 7 and FMS measured in Grade 9 explained physical activity 46 
in Grade 9: 12 % for girls. and 29 % for boys. In the boys group, three additional paths were 47 
found; FMS in Grade 7 explained physical activity in Grade 9, physical activity in Grade 7 48 
explained FMS in Grade 8, and physical activity in Grade 7 explained physical activity in Grade 8. 49 
Conclusions:  50 
School physical education is in important role to prevent the typical decline of physical activity in 51 
adolescence. Additionally, school physical education plays an essential role in developing 52 
students FMS, particularly in the development of girls FMS, whose FMS sumscore, in this study, 53 
decreased during junior high school. 54 
Keywords: fundamental movement skills; physical activity; school physical education 55 
   56 
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Summary for practitioners 57 
Earlier studies have shown that the ability to perform a variety of fundamental movement 58 
skills increases the likelihood of children participating in different physical activities not 59 
just during childhood, but throughout their lives. The results of this study show that 60 
students’ physical activity decreases during junior high school(that is, between the ages 61 
of 13 and 15)  . Additionally, the boys’ FMS sumscore increased whereas the girls’ FMS 62 
sumscore decreased through junior high school. The results also show that in the boys’ 63 
group rather than in the girls’ group, FMS and physical activity had reciprocal 64 
relationships during junior high school.  65 
School physical education plays an important role in preventing the typical decline of 66 
physical activity in adolescence. Additionally, school physical education plays an 67 
important role in developing students FMS. This is particularly important for females, 68 
whose FMS sumscore, in this study, decreased during junior high school.  69 
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Introduction 70 
Studies have shown that childhood and adolescence are crucial periods in the adoption 71 
of a physically active lifestyle since the level of physical activity adopted in childhood 72 
and adolescence exhibits a modest degree of tracking into adulthood (Friedman et al. 73 
2008; Telama et al. 2005; Trudeau, Laurencelle, and Shephard 2004). Several studies, 74 
however, have shown that physical activity typically decreases during puberty. This 75 
decrease in the level of physical engagement is particularly steep during junior high 76 
school (that is, between the ages of 13 and 15) (Telama and Yang 2000; Nader, 77 
Bradley, and Houts 2008). Aforementioned findings have led researchers to investigate 78 
the possible antecedents of physical activity participation during childhood and 79 
adolescence. 80 
Mastery of fundamental movement skills (FMS) is a potentially significant factor in 81 
the rate of adolescents’ physical activity participation (McKenzie 2007). According to the 82 
motor development literature, FMS includes locomotor, balance, and manipulation skills 83 
(Gallahue and Cleland-Donnelly 2007). These authors include a range of specific skills 84 
within each subset, including: 85 
Locomotor skills: running, jumping, hopping, skipping, galloping, sliding, leaping, 86 
and climbing 87 
Balance skills: bending, stretching, twisting, turning, swinging, inverted supports, 88 
body rolling, and landing/stopping 89 
Manipulative movement skills: throwing, catching, kicking, trapping, striking, 90 
volleying, bouncing, ball rolling, and punting 91 
6 
 
Mastery of FMS has been found to have a close transfer effect from FMS to 92 
specialised sports skills (O’Keeffe, Harrison, and Smyth 2007). Therefore, children and 93 
adolescents with more developed movement skills find it easier to acquire specialised 94 
sports skills, be physically active and may mean they are more likely to pursue a wider 95 
variety of physical activities than peers who have lower movement skills (Stodden, et al. 96 
2008). Additionally, research has revealed a far transfer effect between FMS and later 97 
physical activity (Barnett et al. 2008). This finding suggests that mastery of FMS in 98 
childhood and adolescence result in increased levels of physical activity in the later life.  99 
A good example of far transfer effect is Kalaja et al’s study (in press) of Grade 7 100 
students in Finnish physical education. The purpose of the study was to compare the 101 
self-reported physical activity of students in two groups. One group was engaged in 102 
activities designed to increase their FMS, while the other group – acting as a control 103 
group – had no such intervention. The study’s results demonstrate that students who 104 
were engaged in FMS training remained at the same level in their self-reported physical 105 
activity, whereas the control group’s self-reported physical activity reduced. Only a little 106 
didactical investment of FMS training seemed to prevent the decline in physical activity.  107 
Knowing the importance of FMS, many scholars have suggested that FMS 108 
training should be one of the main goals of sport and exercise activities in childhood and 109 
adolescence (McKenzie 2007; Stodden et al. 2008). School-based physical education is 110 
probably the most effective way to develop students’ FMS because of its ability to reach 111 
the widest cohort of adolescents (McKenzie 2007). Under the teaching and supervision 112 
of a suitably-trained educator, students would be able to develop a wide variety of FMS, 113 
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which they can use in sport and leisure activities after school hours and which may 114 
contribute to their longer-term physical activity levels. 115 
The association between FMS and physical activity has been found within pre-116 
school-aged children (Fisher et al. 2005; Martin, Rudisill, and Hastie 2009) elementary 117 
school-aged-children (Castelli and Valley 2007; Raudsepp and Pall 2006) and junior 118 
high school children (Barnett et al. 2008; Okely, Booth, and Patterson, 2001; McKenzie 119 
et al. 2002). Together, these findings suggest an association between FMS and physical 120 
activity throughout childhood and adolescence.  121 
However, a review of the literature does not reveal any longitudinal studies of 122 
FMS and physical activity, either separately, or in relation to each other. A longitudinal 123 
study of junior high school students might reveal important information about how FMS 124 
develop in adolescence, when physical activity declines, and whether there is any 125 
causative or other link between FMS and physical activity. We might expect that 126 
students with well-developed FMS are more likely to be active than their counterparts 127 
with poorer FMS. On the other hand, we might expect that students that are more active 128 
would score better in tests of FMS than their relatively inactive peers. Information about 129 
the relationship between FMS and physical activity could help educators of physical 130 
activity design and deliver programs that are more effective. If, for example well-131 
developed FMS is revealed to be an antecedent of physical activity through junior high 132 
school, we can  create FMS interventions in an effort to reduce the decline in physical 133 
activity participation. Conversely, if, the study shows that physical activity engagement is 134 
a cause of FMS, then  programs could be designed that introduce a variety of physical 135 
activities that help students to develop their FMS. 136 
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Research has revealed gender differences for each of the three aspects of FMS 137 
and physical activity (locomotor, balance and manipulative movement). Boys have been 138 
shown to perform better in tests of manipulative movement skills (Castelli and Valley 139 
2007; Junaid and Fellowes 2006; Okely et al. 2001) and locomotor skills (Nupponen and 140 
Telama 1998), whereas girls are found to perform better in tests of balance (Junaid and 141 
Fellowes 2006; Toole and Kretzschmar 1993). Gender differences have also been 142 
shown in studies of physical activity, with boys shown to be typically more active than 143 
girls (Aarnio et al. 2002; Castelli and Valley 2007; Riddoch et al. 2004). 144 
The main purposes of the study are:  145 
1) to investigate the development of the students’ self-reported physical activity 146 
and FMS from Grade 7 to Grade 9, and; 147 
2) to analyse the associations among the students’ FMS and self-reported 148 
physical activity through junior high school.  149 
Previous studies have suggested there are gender differences in FMS and 150 
physical activity during adolescence. We also speculate that there are gender 151 
differences in the development of FMS and self-reported physical activity and the 152 
associations between FMS and self-reported physical activity during junior high school. 153 
Therefore, gender is included in the main analyses as an independent variable in an 154 
effort to evaluate whether there are gender differences in the relationships between self-155 
reported physical activity and FMS during junior high school.  156 
 157 
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Methods 158 
Participants 159 
The study looked at the self-reported physical activity, and FMS, of 152 Grade 7 Finnish 160 
students who were 13 years old at the time of the first data collection. The sample 161 
included 66 girls and 86 boys from three junior high schools in Middle Finland. 162 
Design of the study 163 
The students participated in fundamental movement skills tests during school and were 164 
asked to complete questionnaires relating to their physical activity at the same time. In 165 
this follow up design, the tests and questionnaires were conducted once each year over 166 
a three year period: In August (while the participants were in Grade 7), January (Grade 167 
8), and in May (Grade 9).  168 
The FMS tests were administered in the school gym with assistance from school-169 
based physical education teachers. Prior to the first data collection in Grade 7, the 170 
researcher instructed the physical education teachers on how to set up and administer 171 
the FMS tests, and how to record the results. Additionally, after the second and the third 172 
measurements (during Grades 8 and 9), the researcher confirmed that the teachers 173 
understood how to set up and administer the FMS tests, and how to record the results. 174 
After students had completed the FMS tests, the researcher provided each student with 175 
a copy of the physical activity self-reporting questionnaire, which was completed in the 176 
gym. The researcher supervised all data collection processes, and was available for 177 
questions during the completion of their questionnaires. After self-reports were 178 
completed, the researcher collected both the FMS testing results from the teachers and 179 
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the questionnaires about physical activity from the students. The same researcher was 180 
responsible for supervising data collection at all three measurement points. 181 
Students participated in the study voluntarily. The parents of each participant 182 
completed an informed consent form. The design and content of the informed consent 183 
form was based on guidelines provided by the Ethical Committee of the University of 184 
Jyväskylä who reviewed the study plan and gave permission for the study. 185 
 186 
Instruments 187 
Fundamental movement skills tests 188 
An FMS test package was used to analyse students’ FMS. The test package included 189 
tests of students’ balance, locomotor, and manipulation skills (Kalaja et al. 2008). Further 190 
descriptions of each of the tests are outlined in Table 1. All physical fitness tests in this 191 
study were implemented according to the international and Finnish standards for the 192 
assessment of motor skills (Eurofit 1988; Kalaja et al. 2008; Nupponen, Soini, and 193 
Telama 1999).For detailed FMS testing information refer to (Kalaja et al. 2008). These 194 
data collection instruments have been shown to be valid and reliable tools in measuring 195 
junior high school aged adolescents’ FMS (Kalaja et al. 2008).  196 
___________________ 197 
Table 1 198 
___________________ 199 
Self-reported physical activity 200 
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General physical activity engagement was assessed using a self-report questionnaire. 201 
The introduction to the questionnaire stated:  202 
“In the next two questions physical activity means all activities which raise your 203 
heart rate or momentarily gets you out of breath, for example, while doing 204 
exercise, playing with your friends, going to school, or in school physical 205 
education. Physical activity also includes jogging, intensive walking, roller skating, 206 
cycling, dancing, skating, skiing, soccer, basketball and baseball.”  207 
The questionnaire asked students to think about their typical week and their last seven 208 
days. Two questions were included in the questionnaire: 209 
1. Think about your typical week: How many days did you exercise for at least 60 210 
minutes during which you got out of breath? 211 
2. Think about your last seven days: How many days did you exercise for at least 60 212 
minutes during which you got out of breath? 213 
Both questions were presented with an 8-point response scale (0 to 7 days in a week). A 214 
sumscale of physical activity engagement was formulated by adding together the 215 
response scores for the two response scales. A scale was developed to analyse the 216 
results of the self-reporting questionnaire. The instrument was adopted from the Health 217 
Behaviour in School-aged Children survey, which is organized by the World Health 218 
Organization and conducted in several countries within Europe and North America every 219 
four years (Currie, Gabhainn, & Godeau 2008). Prochaska, Sallis and Long (2001) 220 
reported adequate validity and reliability in these two physical activity engagement items 221 
for a sample of 148 North American adolescents. 222 
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Data analysis 223 
Firstly, we replaced missing values by using the SPSS expectation-maximization 224 
algorithm (EM-algorithm) (Schafer 1997). The percentage of missing values per variable 225 
was less than 5%. Additionally, univariate and multivariate outliers were excluded 226 
according to procedures described by Tabachnick and Fidell (2007) in order to prevent 227 
extreme values from distorting statistical analyses. Descriptive statistics and Pearson’s 228 
product moment correlation coefficients were then analysed in order to examine the 229 
mean levels of measured variables and to investigate the associations between study 230 
variables.  231 
Repeated measures MANOVAs were then carried out in order to assess the 232 
development of self-reported physical activity and FMS during junior high school. For 233 
this purpose, we created FMS sumscores by standardizing separate test scores and 234 
summing them together (Kalaja et al. in press). In the repeated measures MANOVAs 235 
time (three measurement points) and gender were independent variables whereas FMS 236 
or self-reported physical activity were dependent variables. Finally, the connections 237 
between self-reported physical activity scores and FMS sumscores were analysed using 238 
Structural Equation Modeling (SEM) with LISREL 8.80 software (Jöreskog and Sörbom 239 
2006). A multigroup method, recommended by Bentler (1995), was used to be able to 240 
test the girls’ and the boys’ groups separately. 241 
 242 
Results 243 
Descriptives and correlations 244 
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Descriptive statistics of the variables examined at measurement 1 (Grade 7) are outlined 245 
in Table 2.  246 
___________________ 247 
Table 2 248 
___________________ 249 
Table 3 illustrates the intercorrelations between the study variables, which are observed 250 
separately for girls and boys in the first measure (Grade 7) of the study. The girls and 251 
boys correlations were rather similar. Firstly, in both gender groups locomotor skill tests 252 
correlated statistically significantly with each other. Additionally, in both samples, self-253 
reported physical activity did not have any significant correlations with FMS test scores. 254 
In the girls group, the shuttle running test score correlated significantly with all other 255 
FMS tests scores than with accuracy throwing test. The investigation of the boys’ 256 
correlations also showed that shuttle running test scores had positive associations with 257 
all FMS test scores with the exception of rolling and accuracy throwing test scores. 258 
______________________ 259 
Table 3 260 
______________________ 261 
Repeated measures MANOVAs 262 
Repeated measures MANOVAs were analysed to investigate if the FMS and self-263 
reported physical activity developed differently through junior high school (from Grade 7 264 
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to Grade 9) within the girls and the boys. In the case of fundamental movement skills we 265 
used sumvariable formulated from all seven individual FMS tests. 266 
The MANOVA for the students’ FMS sumscore revealed a significant interaction 267 
between gender and time (Huynh-Feldt F[1.91]=24.74, p=.000, η2=.42). Follow-up 268 
MANOVAs demonstrated that the girls and the boys differed between the first (Grade 7) 269 
and the second (Grade 8) measure F[1.00]=18.81, p=.000, η2=.11), between the first 270 
(Grade 7) and the third (Grade 9) measure (Huynh-Feldt F[1.00]=40.39, p=.000, η2=.21), 271 
and between the second (Grade 8) and the third measure (Grade 9) (Huynh-Feldt 272 
F[1.00]=8.30, p=.005, η2=.05). The descriptive statistics revealed that the boys’ FMS 273 
sumscore increased whereas the girls’ FMS sumscore decreased through junior high 274 
school. 275 
The MANOVA for the students’ self-reported physical activity revealed an 276 
insignificant interaction between gender and time (Huynh-Feldt F[2.00]=1.17, p=.313, 277 
η2=.01). The self-reported physical activity developed similarly within the girls’ and the 278 
boys’ group through junior high school. However, the analysis revealed a significant 279 
main effect of time (Huynh-Feldt F[2.00]=11.76, p=.000, η2=.07). Follow-up MANOVAs 280 
demonstrated that the self-reported physical activity in both gender groups decreased 281 
between the first (Grade 7) and the third (Grade 9) (Huynh-Feldt F[1.00]=19.03, p=.000, 282 
η2=.11), and between the second (Grade 8) and the third (Grade 9) measure (Huynh-283 
Feldt F[1.00]=17.25, p=.000, η2=.10). Between the first (Grade 7) and the second 284 
measure (Grade 8), self-reported physical activity remained the same (Huynh-Feldt 285 
F[1.00]=0.00, p=.992, η2=.00). According to the self-report data, physical activity 286 
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decreased in the both gender groups during junior high school. Descriptive statistics of 287 
self-reported physical activity and FMS sumscores are presented in Table 4. 288 
______________________ 289 
Table 4 290 
_____________________ 291 
Structural equation modeling 292 
The adequacy of the hypothesized model of study variables were analysed via structural 293 
equation modeling (SEM). Firstly, descriptive statistics were analysed and results 294 
indicated that the scales were approximately normally distributed. Therefore, the 295 
maximum likelihood method was applied. The overall fit of the analysed model to the 296 
data was investigated using the chi-square test (χ²). A non-significant result shows that 297 
the proposed model has an acceptable fit to the data. Additionally, the Root Mean 298 
Square Error of Approximation (RMSEA), the Non Normed Fit Index (NNFI), and the 299 
Goodness of Fit Index (GFI) were examined. The NNFI and GFI indices vary from 0 to 1. 300 
Fit indices greater than 0.90 are indicative of acceptable model fit. In addition, the p-301 
value associated with a hypothesis test of RMSEA of ≤0.05 is indicative of a 302 
representative model. Additionally, the proportion of variance predicted by independent 303 
variables for the dependent variables were investigated using squared multiple 304 
correlations (r²). We applied multigroup method of SEM (Bentler, 1995) to be able to 305 
investigate the associations separately in the girls and the boys group. The equality of 306 
the coefficients between the boys and the girls models were compared by using the χ² 307 
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difference test. A significant χ² difference indicates a significant difference in fit between 308 
the two models being compared. 309 
In multigroup analysis we firstly constructed separate models for the girls and the 310 
boys. After this procedure, we investigated both models and modification indices. This 311 
information was used to determine which fixed and freely estimated parameters held 312 
across groups and determined a baseline multigroup model. The subsequent tests for 313 
equivalence were made against this initial model (a so called configural model; Horn & 314 
McArdle, 1992) which fitted the data well (χ²=[19]=22.75, p=0.25; NNFI=.98; GFI=0.95; 315 
RMSEA=0.05). Next, we examined the equality of the paths and the correlations, which 316 
existed for both gender groups. The χ² difference test indicated that these paths were 317 
equal for the girls’ and the boys (∆ χ² (4)=2.11, p=0.72). The final model with these 318 
equality constraints had a good fit to the data (χ²=[23]=24.86, p=0.36; NNFI=.99; 319 
GFI=0.95; RMSEA=0.03). 320 
The boys’ and the girls’ models had few similarities. Both models revealed a path 321 
from FMS in Grade 7 via FMS in Grade 8 to FMS in Grade 9. The girls’ and the boys’ 322 
FMS in Grade 9 was explained by FMS in Grade 7 and FMS in Grade 8. Additionally, 323 
both models demonstrated a path from physical activity in Grade 7 to physical activity in 324 
Grade 9, which means that in the both gender groups, physical activity in Grade 7 325 
predicted physical activity in Grade 9. Additionally, there was a correlation between FMS 326 
and physical activity in Grade 9 for both gender groups. Students who had a high FMS 327 
sumscore in Grade 9, were also more likely to be physically active. On the other hand, 328 
the students with low FMS sumscores, had also decreased levels of physical activity.  329 
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The boys’ model subsequently showed three additional paths. One was from 330 
FMS sumscore in Grade 7 to physical activity in Grade 9 meaning that boys’ FMS in 331 
Grade 7 predicted physical activity in Grade 9. Another was from PA in Grade 7 to PA in 332 
Grade 8, which suggests that physical activity in Grade 7 explained physical activity in 333 
Grade 8. The third path in the boys’ group was from physical activity in Grade 7 to FMS 334 
in Grade 8. This shows that physical activity in Grade 7 predicted FMS in Grade 8. 335 
Squared multiple correlations revealed that FMS in Grade 7, FMS in Grade 8, 336 
and physical activity in Grade 9 explained FMS in Grade 9, 69 % and 55 % in the girls 337 
and the boys model respectively. Additionally, physical activity in Grade 7 and FMS in 338 
Grade 9 explained PA in Grade 9, 12 % in the girls’ model. In the boys’ model, physical 339 
activity in Grade 7, FMS in Grade 7, and FMS in Grade 9 explained PA in Grade 9, 29 340 
%. The final model is presented in Figure 1. 341 
___________________ 342 
Figure 1 343 
___________________ 344 
Discussion 345 
The main purposes of the study are: 1) to investigate the development of the students’ 346 
self-reported physical activity and FMS from Grade 7 to Grade 9, and 2) to analyse the 347 
associations among the students’ FMS and self-reported physical activity through junior 348 
high school.  349 
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The results of this study support previous research (Telama and Yang 2000; 350 
Nader, Bradley, and Houts 2008) suggesting that physical activity decreases during 351 
junior high school. This finding was evident in both gender groups in this study. 352 
Previously Finnish studies have shown that means of physical activity reports within 353 
Grade 7 students have varied between 4.07-4.31 times a week. (Kalaja et al. 2010; 354 
Kalaja et al. in press). Similar level of physical activity engagement was found in this 355 
study. These results demonstrate that it is rather stable number of times how much 356 
Finnish Grade 7 students are physically active in a week. However, it is noteworthy that 357 
approximately four times a week is not enough according to health recommendations, 358 
which suggest daily physical activity engagement (Currie, Gabhainn, and Godeau 2008). 359 
It is evident that there is need to develop methods to prevent the decrease of physical 360 
activity engagement in junior high school. School physical education is in important role 361 
because one of the main goals of it is to teach students to be physically active. 362 
However, in Finland students have only two hours of weekly obligatory physical 363 
education in junior high school, and these two hours are often organized consecutively.  364 
Within this one event per week, from teachers’ perspective, it is difficult to contribute 365 
students’ participation in physical activities after school and their leisure time. Therefore, 366 
increasing amount of physical education would be important to prevent decline of 367 
physical activity in adolescence. 368 
The results of the study showed that the girls’ standardized FMS sumscore 369 
decreased through junior high school. However, we need to keep in mind that 370 
formulation of standardized sumscore where all separate FMS test results have been 371 
put together is probably not the best representation of overall level of FMS because it is 372 
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possible that some single test result could have increased whereas other have 373 
decreased during the junior high school. However, the decrease of the girls’ FMS 374 
sumscore during the junior high school indicates that there is need to put special effort 375 
on developing girls FMS in junior high school. Kalaja et al’s (in press) study is a good 376 
example where only 20 minutes of physical education time was denoted to practice 377 
balance, locomotor, and manipulative skills in the beginning of each physical education 378 
class during Grade 7. The results of this study showed that student in the experimental 379 
group compared with the control group improved in FMS during Grade 7. Kalaja et al’s 380 
(in press) study indicate that within junior high school physical education context there is 381 
a possibility to improve girls’ FMS by little didactical and pedagogical investment. 382 
The second research aim was to analyse the associations between the girls’ and 383 
the boys’ FMS and self-reported physical activity through junior high school. The study 384 
found that in the girls’ group only association was a correlation between FMS in Grade 9 385 
and physical activity in Grade 9. In the boys’ group there existed two additional 386 
associations. However, the directions of these two associations were different; the first 387 
one from FMS to physical activity, and the second from physical activity to FMS. These 388 
results suggest that in the boys’ group rather than in the girls’ group FMS and physical 389 
activity have reciprocal relationship during junior high school. The boys, who are 390 
physically active, have better FMS than heir inactive peers, and vice versa. In the girls’ 391 
group this pattern of associations was not found. In Finland, boys and girls sport and 392 
exercise activities typically differ from each other. The Finnish national survey on 393 
children’s sport hobbies indicated that boys were more active in ball games and the 394 
most popular sporting hobbies among boys were football, ice-hockey, and floorball. In 395 
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contrast, the main girls’ hobbies were aerobics, gymnastics, horse-riding, dancing, and 396 
figure skating (Nuori Suomi 2006). These results may imply that physical activities what 397 
are girls’ and boys’ are interested in develop their FMS differently. Boys’ probably get 398 
more possibilities to learn locomotor and manipulative skills when paying ball games 399 
comparing with the girls. This finding also highlights the important role of school physical 400 
education in developing girls’ FMS because it is the only context, which reaches all girls. 401 
Structural Equation Modeling also revealed that physical activity measured in 402 
Grade 7 predicted physical activity in Grade 9. Physical activity measured in Grade 8 did 403 
not have any association with physical activity measured in Grade 9. Previous studies 404 
have shown that physical activity has moderate tracking coefficients from childhood to 405 
adulthood (Friedman et al. 2008; Telama et al. 2005; Trudeau, Laurencelle, and 406 
Shephard 2004). In this study tracking was evident only from Grade 7 to Grade 9. This 407 
finding suggests that elementary school years are important for positive development of 408 
later physical activity patterns. In this study, physical activity habits adopted before 409 
entering junior high school later turned into physical activity engagement in Grade 9. 410 
These results imply that it is important that the school environment during Grades 1 to 6 411 
offer students possibilities to be physically active. This can be done e.g. by developing 412 
lesson breaks activities (Caterinon and Polak 1999), by organizing school clubs and 413 
other activities (Darling 2005), and by adding the element of physical activity in some 414 
academic classes (Maeda and Randall 2003). In Finland, teachers who teach physical 415 
education in elementary school are not physical education specialists. Therefore, more 416 
teachers’ education is needed to deliver these goals to practice. 417 
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This study also revealed that FMS measured in Grades 7 and 8 explained FMS 418 
measured in Grade 9 rather highly. These results demonstrate that motor skills tend to 419 
accumulate even during the junior high school period while general physical activity 420 
decreases. This finding implies that it is worth to develop students’ FMS during junior 421 
high school years. It is evident that proper physical education curriculum includes a 422 
teaching of FMS. However, the effectiveness of physical education curriculum in 423 
learning FMS can be enhanced by including some lessons particular exercise to develop 424 
students’ FMS (Kalaja et al. In press). 425 
The first limitation of this study is the use of self-report in measuring engagement 426 
in physical activity. In some studies self-report measures of physical activity have been 427 
shown to have limited reliability and validity (Shephard, 2003), particularly in relation to 428 
samples including children. Sallis and Saelens (2000) stated that children in younger 429 
age groups tend to overestimate their amount of physical activity, given social 430 
desirability, and that objective measures, such as heart-rate indicators or pedometers, 431 
may give a more accurate indication of amount activity. Although there are certain 432 
limitations in using self-report questionnaires of physical activity for children younger 433 
than 10, the measures appear to be more effective tools for the analysis of the activities 434 
of adolescents ages 13 to 18 years. However, self-reports represent a simpler form of 435 
assessment than objective measures for use with large samples. The second limitation 436 
of the study is a relatively small number of participants, which probably could have 437 
affected in the strength of coefficients in the analysis. Lastly, it should be noticed that 438 
physical activity is influenced by season (Tucker and Gilliland, 2007. In Finland 439 
adolescents are typically more inactive in winter comparing with other seasons. In our 440 
22 
 
data, the measures in Grade 8 were implemented in January. Therefore, we might 441 
assume that there is seasonal effect in this measurement point. However, measures in 442 
Grade 7 and Grade 9 were implemented close to each other, and we might assume that 443 
there are no seasonal effect between these two measures. 444 
In conclusion, the results of this study showed that boys’ and girls’ physical 445 
activity decreased during junior high school. Additionally, the boys’ FMS sumscore 446 
increased whereas the girls’ FMS sumscore decreased through junior high school. The 447 
results also suggest that in the boys’, group rather than in the girls’ group, FMS and 448 
physical activity had reciprocal relationship during junior high school. School physical 449 
education plays an important role in preventing the typical decline of physical activity in  450 
adolescence. Additionally, school physical education plays an important role in 451 
developing students FMS. This is particularly important for the girls, as their FMS 452 
sumscore was more likely to decrease when compared to the boys during the junior high 453 
school years. 454 
  455 
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Table. 1 Fundamental movement skills tests 578 
Tests Method Scoring 
Balance Skills:  
Flamingo standing 
test  
Stand on one leg while 
balancing on a (50-cm long, 4-
cm high, 3-cm wide) wooden 
beam for 30 seconds.  
 
The sum of the number of 
times the participant loses 
balance within the 60 
seconds (right and left, 2 x 30
seconds).  
 
Rolling test Lye prone and roll with arms 
extended overhead five meters 
forward and then backward to 
the starting position as quickly 
as possible. 
The total time required to 
roll 5 meters each direction. 
 
Locomotor skills: 
 
Leaping test 
Complete five leaps, beginning 
with both legs, and finishing 
with legs in parallel position. 
Length of the five leaps, are 
measured in centimetres, 
from the starting position to 
the heel of the leg furthest 
back upon landing. 
 
Shuttle running test 
 
Running forwards and 
backwards as fast as possible 
(10 times) over a five meter 
distance. Both legs are 
required to pass the five meter  
line at each turn.*  
The time taken to complete 
the 10 shuttle passes. 
Rope jumping test Jump rope on a single leg 
(self-selected the starting leg), 
attempting to complete as 
many jumps as possible within 
a 30 second period. The 
participants starts with the 
preferred foot. After 15 
seconds, the researcher gave 
a “change” signal, and the 
participant switched legs. 
The sum of the number of 
successful jumps within the 
30 seconds (right and left, 2 
x 15 seconds).  
Manipulative skills 
tests: 
 
Figure-eight 
dribbling test 
 
 
Dribble a volleyball** around a 
figure-eight track, first using the 
feet (30 seconds) and then 
using the hands (30 seconds). 
 
The total number of times the 
figure-8 pattern was 
completed in one minute. 
 
Accuracy throwing Throw 10 tennis balls (five with The total number of points 
30 
 
test each hand) a distance of five 
meters towards a wooden 
target, with the aim of getting 
as many points (three, two or 
one within  20 cm, 40 cm, and 
60 cm of the inner circle of the 
board respectively) as 
possible.  
 
 
obtained from ten throws. 
  
*This test is a modified version of a widely-used shuttle running test in which 579 
participants run forwards for the entire test. The shuttle running test was modified to 580 
focus on the participants’ running ability rather than their explosive strength (Kalaja et 581 
al. 2008). 582 
** A volleyball was used in both dribbling tasks, as described in the original test manual 583 
(Nupponen, Soini, and Telama 1999). 584 
 585 
  586 
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Table 2. 587 
Descriptive statistics in fundamental movement skills and self-reported physical activity 588 
Skill Variable Girls Boys M SD M SD 
Balance Flamingo standing 
(Number of times balance was not 
maintained in a 30 second period) 
10.50 4.02 11.59 4.80
Rolling  
(Time in seconds: 10 [both sides] meters 
rolling )
15.76 2.59 13.97 2.83
Locomotor Shuttle running 
(Time in seconds: 10 x 5 m [forward and 
backward] shuttle runs ) 
24.25 1.63 24.01 1.95
Rope jumping 
(Amount of jumps in 30 [left and right 
foot] seconds) 
42.02 10.30 25.80 12.71
Leaping 
(Distance of 5 continuous leaps in 
centimeters) 
853.89 103.86 881.31 104.70
Manipulation Accuracy throwing 
(Points in the target: 10 balls thrown [left 
and right hand] ) 
8.10 3.73 8.16 3.49
Figure-8 dribbling 
(Number of times the figure‐8 pattern 
was completed in one minute) 
14.48 2.78 15.11 2.47
Physical activity 
(Days/wk of activity ≥60 mins) 
4.03 1.63 4.48 1.59
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Table 3. The intercorrelations among study variables. Girls below and boys above the main diagonal. 
 
Skill Variable 1.Flamingo 
standing 
2.Rolling 3.Shuttle 
running 
4.Rope 
jumping 
5.Leaping 6.Accuracy 
throwing 
7.Figure-8 
dribbling 
8.Physical 
activity 
Balance 1.Flamingo 
standing 
- .15 .40*** .45*** .09 .25* .07 .04 
2.Rolling .11 - .11 .12 .06 .07 .10 .11 
3. Shuttle 
running 
.37** .34** - .54*** .31** .16 .27* .15 
Locomotor 4. Rope 
jumping 
.17 .11 .30* - .38*** .23* .09 .07 
5. Leaping  .14 .19 .43*** .17 - .37*** .26* .05 
6. Accuracy 
throwing 
.32** .02 .17 .13 .27* - .25* .10 
Manipulation 7. Figure-8 
dribbling 
.07 .23 .36** .16 .50*** .23 - .01 
8.Physical 
activity 
.04 .08 .10 .08 .03 .14 .06 - 
p<.001***, p<.01**, p<.05* 
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Table 4. Descriptive statistics of physical activity and fundamental movement skills 
sumscores (N = 152) 
 
Variable 
Grade 7 Grade 8 Grade 9 
Boys 
(n=86) 
Girls 
(n=66) 
Boys 
(n=86) 
Girls 
(n=66) 
Boys 
(n=86) 
Girls 
(n=66) 
M (SD) M (SD) M(SD) M(SD) M(SD) M(SD) 
Physical activity1 4.48(1.59) 4.03(1.63) 4.35(1.73) 4.15(1.60) 3.68(1.69) 3.65(1.55) 
Movement skills 
sumscore2 
-0.01(0.55) 0.01(0.55) 0.14(0.65) -0.18(0.55) 0.22(0.62) -0.28(0.49) 
 
1Number of times active per week (≥60 min). 
2A sumscore in which all seven FMS skills are standardized and calculated together 
(can vary -1 to 1). 
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Figure 1. Figure 1. The final multigroup model 
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